The capsule of Cryptococcus neoformans is a complex structure whose assembly requires intermolecular interactions to connect its components into an organized structure. In this study, we demonstrated that the wheat germ lectin (WGA), which binds to sialic acids and β1,4 N-acetylglucosamine (GlcNAc) oligomers, can also bind to cryptococcal capsular structures. Confocal microscopy demonstrated these structures form round or hook-like projections linking the capsule to the cell wall, as well as capsule-associated structures during yeast budding. Chemical analysis of capsular extracts by gas chromatography coupled to mass spectrometry and high pH-anion-exchange chromatography suggested that the molecules recognized by WGA were firmly associated to the cell wall. Enzymatic treatment, competition assays and staining with chemically modified WGA revealed that GlcNAc oligomers, but not sialic acids, were the molecules recognized by the lectin. Accordingly, treatment of C. neoformans cells with chitinase released glucuronoxylomannan (GXM) from the cell surface and reduced capsule size. Chitinase-treated acapsular cells bound soluble GXM in a modified pattern.
Introduction
Cryptococcus neoformans is the etiological agent of cryptococcosis, a clinical syndrome associated to high indices of morbidity and mortality in immunosupressed patients (41) .
The pathogenesis of C. neoformans involves the expression of several virulence factors, including pigment production (42) , enzymatic activities (9, 10) , regulation of signaling pathways (19) and synthesis of the capsular polysaccharides (15, 25) .
The cell wall of C. neoformans is a complex molecular network comprising polysaccharides, proteins, lipids, pigments, and bioactive enzymes (reviewed in 28). Cell wall polysaccharides play key roles in the physiology and pathogenicity of C.
neoformans. For instance, GXM anchoring to the cryptococcal wall requires α1,3 glucan (33, 34) . In addition, it has been demonstrated that chitosan, the de-O-acetylated form of chitin, is required for cell wall integrity and maintenance of the correct assembly of the pigment melanin and the cryptococcal capsule (2) . The presence of cell wall chitin-like oligomers in C. neoformans was also inferred from the reactivity of yeast cells with the 4 (29). The molecular mechanisms by which GXM is attached to the cell wall are still obscure.
India ink staining is the simplest method to evaluate capsule expression in C.
neoformans. In India ink preparations the C. neoformans capsule presents a uniform aspect when examined by light microscopy. However, different regions of the C. neoformans capsule differ in density, sugar composition and charge (45) . Scanning electron microscopy of budding yeasts showed the existence of tunnel-like structures form in the capsule at sites of nascent bud emergence (44) . Further evidence for the existence of structure within the capsule comes from the observation of capsular ring-like structures in India ink preparations (45) . Although the molecular composition of the elements present at these capsular regions is still unknown, these findings strongly support the idea that the cryptococcal capsule is a highly complex structure that requires sophisticated mechanisms of assembly at the cell surface.
In the present study, we report the existence of external cell wall structures protruding into and interacting with the capsule of C. neoformans. Several lines of evidence indicate that these structures contained chitin-like material, that was expressed at the C. neoformans surface in close association to GXM and projected to the capsule during yeast budding.
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at ALBERT EINSTEIN COLL OF MED on March 18, 2008 ec.asm.org Downloaded from 6 18B7 is a mouse IgG1 with high affinity for GXM of different cryptococcal serotypes (6) .
Fluorescence microscopy. Yeast cells (10 6 IgG at the same concentrations used for mAb 18B7. To eliminate the possibility that the fluorescence pattern was derived from a specific sequential use of reagents, the order of the reagents was changed, and the results were the same (data not shown). Three dimensional (3D) images were obtained after placing C. neoformans cell suspensions in mounting medium (50% glycerol and 50 mM N-propyl gallate in PBS) over glass slides. (Zeiss, Germany) fluorescence microscope. Images were acquired using a Color View SX digital camera and processed with the software system analySIS (Soft Image System).
Z-series
WGA targets in C. neoformans. As detailed above, potential targets of WGA binding in C. neoformans include sialic acids, chitin, chitin oligomers and hyaluronic acid, all of them previously described as surface components of cryptococci (2, 3, 12, 16, 37) . To evaluate whether the binding of WGA to C. neoformans involved sialic acids, yeast cells were incubated in the presence of the TRITC-labeled, succinylated-WGA (EY Laboratories) under the same conditions described above for the Alexa 594 conjugate.
Alternatively, cryptococci were treated with sialidase following conditions described previously (36) and then incubated with the Alexa 594 WGA conjugate. To evaluate the affinity of WGA by chitin-like molecules in cryptococci, fungal cells were incubated with fluorescent WGA in the presence of a chitin suspension (1 mg/ml, Sigma, extracted from crab shells) or a mixture of chitooligosaccharides (100 µg/ml, final carbohydrate content). The oligosaccharide mixture was prepared following the conditions described by Peumans and co-workers (31) . Briefly, 9 mg of crab shells chitin was dissolved in 7 N HCI (3 ml) and partially hydrolyzed for 15 h at 40°C. HCl was then removed by evaporation; the residue was dissolved in PBS and diluted to a final concentration of 100 µg/ml. Chitin hydrolysis into chitooligomers was confirmed by thin layer chromatography (not shown). Incubations of C. neoformans with fluorescent WGA were also performed in the presence of 100 µg/ml hyaluronic acid (Calbiochem, purified from Streptococcus sp.) or stachyose, a non related tetraoligosaccharide (specificity control). 
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The presence of sialic acids in irradiated or DMSO extracts was also analyzed by High pH-Anion-Exchange Chromatography (HPAEC) after hydrolysis of samples with 2 M acetic acid at 80°C for 3 h. A mix of sialic acid standards (N-acteyl-neuraminic acid and N-glycol-neuraminic acid) with a known number of moles was hydrolyzed at the same time as the samples. The sialic acids were analyzed using a Dionex DX500 system equipped with a GP40 gradient pump, an ED40 electrochemical detector, and a ThermoSeparations AS3500 autosampler containing a stainless steel needle. The individual sialic acids were separated by a Dionex CarboPac PA20 (3 x 150 mm) analytical column with an amino trap. All methods were based on protocols described previously (14) . The profile of C. neoformans reactivity with WGA shown in Figure 1B resembled the capsular spots described by Zaragoza and co-workers after India ink staining (45) .
GXM release after treatment of
Hence, we investigated whether the areas of WGA staining corresponded to the India ink capsular spots. However, staining of C. neoformans with fluorescent WGA followed by India ink revealed that the regions recognized by the lectin and those described in the study by Zaragoza et al. did not co-localize ( Figure 1C) . Actually, the regions of the cell surface recognized by the lectin formed 90 degrees angles with the India ink-stained channels, supporting the idea that the capsule of C. neoformans manifests polarity in its architecture. To evaluate whether the profile of WGA staining of C. neoformans was also resembled that observed for glucanase-treated cells in a previous study (33) . maintained are not understood but our ability to stain for these regions with WGA and India ink provide new tools for the study of capsular architecture.
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The lectin WGA has been used extensively in the last three decades as a probe to study surface components of different organisms, including C. neoformans (12) . The lectin has affinity for sialic acids and β1,4 GlcNAc oligomers (1, 26, 32) . On the basis of prior studies we assumed that WGA would recognize sialic acid, which is produced by C.
neoformans (37) , or chitin, a β1,4-GlcNAc polymer that interacts very efficiently with the fluorescent dye calcofluor white. Our current data, however, show that sialic acids are not the target of the WGA lectin in this fungus. Competition assays indicated that the lectin recognizes GlcNAc oligomers at the interface between the capsule and the cell wall, which is compatible with the previously described specificities of WGA and calcofluor generation of cell wall chitooligosaccharides after partial enzymatic hydrolysis of chitin, as described in other models (17) . Based on the fact that GXM was released from the cryptococcal surface after treatment of yeast cells with chitinase, but not peptidase, we believe that WGA is indeed interacting with outer chitin branches or chitin-like structures in C. neoformans. By 'chitin-like' structures we refer to C. neoformans components that manifest similar properties to chitin such as GlcNAc composition and susceptibility to chitinases. Chitin-like material may include chitosan, the de-acetylated form of chitin.
WGA has been previously described to recognize bud scars in yeast cells (7, 12), whose content is supposedly enriched in chitin. In the present study, a relationship between yeast budding and WGA binding was also suggested. However, lectin staining was also detectable outside bud necks in dividing cells. This observation may suggest that chitin-like oligomers are only associated to bud necks at final stages of cell division, to then become components of bud scars. In this regard, cell wall chitooligomers could be formed from the chitinase-mediated hydrolysis of chitin during the cell wall rearrangement, which is required for cell division.
The cryptococcal capsule is proposed to undergo local rearrangement during budding, possibly producing a tunnel for the bud to emerge (24, 44). In this context, the capsules of the mother and daughter cells have been proposed to be distinct so that separation can occur, a finding demonstrated by scanning electron microscopy (44). The mechanisms involved in the physical separation of the capsules of dividing cells remain unknown. Given that the chitin-like projections identified here are found at the budding sites and that their stringy appearance resembles the types of structures that may be expected to form the type of tunnels visualized by electron microscopy, we propose that
at ALBERT EINSTEIN COLL OF MED on March 18, 2008 ec.asm.org Downloaded from chitin-like oligomers forms a septum-like structure that originates in the bud neck, extends to the capsular region and helps to separate the capsules of budding cells. This observation suggests that the interaction between chitooligomers and capsular components is part of the mechanisms involved in capsule separation during the replication of C. neoformans. This notion is consistent with the report that chitosan is involved not only with in cell wall integrity and bud separation, but also with maintenance of normal capsule width (2) . Since WGA was previously demonstrated to interact with chitosan (38), we can not rule out the hypothesis that this polysaccharide, alone or in association with chitin, is also recognized by the lectin in our model.
α1,3
Glucan is required for capsule anchoring at the surface of cryptococci (33, 34) . Cryptococcal cells with disrupted alpha glucan synthase genes shed capsular material, but lacked surface capsule (34) . In addition, glucanase-treated acapsular cells bound to GXM in a defective manner (33) . Indeed, cell wall glucans can anchor other polysaccharides at the fungal cell wall (28), which may explain the fact that chitinase treatment did not fully remove the cryptococcal capsule. In addition, the hypothesis that other components connect glucans and capsular components cannot be discarded, since loss of cell wall glucan would disturb cell wall assembly and, consequently, capsule anchoring. Our results indicate that chitin-like structures could also be relevant to direct GXM binding in C. neoformans. Chitinase-treated acapsular cells still bind soluble GXM, but they do so in a manner that forms a loose polysaccharide coat at the surface of C.
neoformans. Although this observation suggests a link between virulence and chitin synthesis, an association between chitin and capsular polysaccharide has not been previously made.
The association between chitin-derived material and capsular components could be due to ionic interactions, since chitosan, the most prevalent form of chitin in cryptococci (2, 3) , is a polycation at neutral to acid pHs that could interact with the polyanionic polysaccharide GXM. Alternatively, it has been recently described that C. neoformans produces glycosyltransferases that link GlcNAc to GlcA residues (16), which are putatively used to form hyaluronic acid. In theory, the same enzymes could be used to bond GlcNAc residues in chitin to GlcA residues in GXM, providing C. neoformans with an additional mechanism to anchor GXM to the fungal wall. 
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